Summary: INTEGRALL is a freely available, text-based search system developed with the aim of collecting and organizing information on integrons in a single database. The current release (1.2) contains more than 4800 integron sequences and provides a public genetic repository for sequence data and nomenclature, offering scientists an easy and interactive access to integron's DNA sequences, their molecular arrangements as well as their genetic contexts.
INTRODUCTION
Prokaryotic genomes are characterized by a high degree of plasticity and an enormous evolutive potential (van Passel et al., 2008) . One of the major forces contributing to genome evolution is the exogenous acquisition of genetic material, so-called horizontal gene transfer (HGT) . HGT contributes to adaptation to different ecological niches in response to selective pressures generating novel gene combinations (Sørensen et al., 2005) .
HGT may overcome species boundaries and has been implicated in the dispersion of genes involved in complex cellular processes, including pathogenicity (Hentschel and Hacker, 2001 ).
The high number of studies regarding mobile genetic elements (MGEs) has quickly generated a huge amount of information concerning these structures. As a consequence of this informative burst, two bottlenecks are limiting the easy access and analysis of molecular sequences representing mobile elements: confusing nomenclatures and absence of filtration of public databases to eliminate non-reliable data. To overcome that, databases dedicated to MGEs such as plasmids and phages (ACLAME; Leplae et al., 2004) and insertion sequences (ISfinder; Siguier et al., 2006) have been created.
Two decades have passed since the discovery of integrons, but despite their importance and their extraordinary diversity of organization there no database dedicated to the deposition and annotation of molecular data concerning these structures. Integrons are mobilizable platforms that play a key role in the enhancement * To whom correspondence should be addressed. of genetic diversity in bacteria. They act as bacterial recombination systems that mediate the capture and expression of gene cassettes (Hall et al., 1999) . Integrons are considered as the primary mechanism for antibiotic resistance gene acquisition among bacteria and are frequently associated with transposons and conjugative plasmids (Gillings et al., 2008) . Integrons are composed of an integrase-encoding gene (intI), a recombination site (attI) and one or two promoters that control the expression of gene cassettes (Hall et al., 1999) . Their genetic organization can be quite diverse, with different combinations of gene cassettes. In bacterial communities integrons also represent an important fraction of the mobile gene pool (Mazel, 2006) . Furthermore, integrons are present in ∼9% of completely or partially sequenced genomes (Boucher et al., 2007) . For a long time and until recently, research on integron diversity had been restricted to bacterial isolates obtained mainly from clinical sources. However, recent studies report the existence of natural environments as reservoirs of gene cassettes and sources of functionally diverse gene products often recovered by methods that access the non-cultivable bacterial fraction (Boucher et al., 2007) .
To overcome one of the difficulties produced by the disclosure of many new sequences, handling and managing data, we propose a database dedicated to integrons. The INTEGRALL web-based platform was developed by microbiologists in collaboration with computer scientists. INTEGRALL aims to be a repository for 20 years of data about integrons. We believe that this database is crucial to congregate information on the phylogeny of the bacterial hosts and their ecology, the molecular diversity of inserted gene cassettes and the type of integrases. The correlation between these data is essential to understand the role of integrons in bacterial adaptive responses and interactions.
THE SITE
INTEGRALL was developed in PHP 5, using a MySQL 5.0 database backend. Implementation uses standard PC servers, with a Linuxbased distribution and Apache 1.3 server running PHP as FastCGI.
The current version of INTEGRALL (1.2) includes:
(i) background information regarding integrons; (ii) a LIST tool;
INTEGRALL database
(iii) a SEARCH tool and BLAST interface; (iv) guidelines for nomenclature of gene cassettes; (v) a GLOSSARY of integron-associated genes; and (vi) a FORUM discussion on mobile genetic elements.
The LIST tool provides a table of all integrase genes and/or gene cassette arrays deposited at NCBI GenBank (http://www.ncbi.nlm. nih.gov/Genbank).
For every entry, information regarding identification of the bacterial host, type of integrase and gene cassettes arrays (if present) is provided. Other remarks may also be included in this section, such as integron type. Additional data and functions like information about the source of isolation or direct access to FASTA sequences together with bibliographic references are also available. When possible, users may also access information concerning the genetic context of integrons (as in the case of completely sequenced plasmids and genomes) by pushing the context button. Moreover, all entries have a direct link to the complete gene sequence and additional information deposited at NCBI GenBank.
The SEARCH tool allows two modes of operation: simple or advanced search. Used in advanced mode, SEARCH is able to simultaneously combine two or more of the following criteria: accession number, journal, authors, organism and source of isolation, integrase gene or gene cassettes. Other features, such as other integron-associated genes and integron genomic location (plasmid and/or chromosome) may also be assessed. Sorting of query results is done by alphabetical order of organism by default, but users may also sort results by gene cassette array or intI genes.
Results obtained by using the SEARCH tool can be exported to a separate file in FASTA format allowing data to be used in further analysis.
The BLAST interface provides an alignment tool allowing the comparison of sequences submitted to the website against the INTEGRALL database (Altschul et al., 1997) .
NOMENCLATURE guidelines and GLOSSARY of integronassociated genes are also present and aim to facilitate and standardize gene identification, as multiple names are often attributed to identical genes (for instance, in what concerns gene cassettes coding for aminoglycoside-and trimethoprim-resistance proteins).
The INTEGRALL platform also includes an external link to a discussion forum on integrons and other mobile genetic elements in order to promote communication and the exchange of ideas among scientists worldwide.
To avoid duplicate submissions, all entries are linked to the NCBI GenBank through their accession number. Daily updates will be performed to include in INTEGRALL newly released sequences.
THE DATABASE
To date, INTEGRALL comprises more than 4800 integron or integron-related nucleotide sequences and this number is continually increasing. Up to 70% of integron-related sequences correspond to uncultured bacteria and 27% were identified in the genomes of organisms belonging to the γ-Proteobacteria. The remaining 3% include a few bacterial representatives of α-, β-, δ-and ε-Proteobacteria, as well as Actinobacteria, Firmicutes, Cyanobacteria, Chlamydiae/Verrucomicrobia group, Bacteroidetes/Chlorobi group, Spirochaetes and Planctomycetes.
Thus, integrons appear to have a broad-host range, despite their higher prevalence in γ-Proteobacteria, which might be related to a higher number of studies of integrons in clinical settings comparing to natural environments.
Ecology of integron-carrying microorganisms, and thus environmental conditions that allow their dispersal, is also remarkably diverse: it includes wastewaters, river and marine waters, deep-sea vents, contaminated mine tailings, manure, soil and sediments, livestock and wild animals, food and clinical samples.
Regarding the gene cassette pool, an important part of it is strongly linked to antibiotic resistance: 51% (3134 out of 6116) of gene cassettes reported encode antibiotic-resistance proteins. In parallel, 46.5% (2846 out of 6116) of gene cassettes, mostly recovered from genetic libraries constructed using culture-independent methods, potentially encode proteins with unknown functions. Studies are needed to elucidate these functions and whether the mobilization and transfer of these genes contribute to the fitness of bacterial strains in certain environments thus playing an important role in the adaptation and evolution of bacterial communities.
CONCLUSIONS
Here, we describe a web-based platform dedicated to compile information on integrons and designed to organize all the data available for these genetic structures.
This search engine is still a work in progress and scientists working with these structures are very welcome to contribute with their suggestions and data. Depending on the feedback more utilities will be added over time.
